
CR-203622

RELIABILITY TESTING OF THE MOD III-T

TWO AXIS DYNAMICALLY TUNED GYROSCOPE

FINAL TECHNICAL REPORT

//J -j 5"-

- -it,"

July 1996

Work Performed Under Contract

NAS5-31954

Prepared for

National Aeronautics and Space Administration

Goddard Space Flight Center

Greenbelt, Maryland 20771

Prepared by

Textron Systems Division
201 Lowell Street

Wilmington, Massachusetts 01887



N-AS A Report Oocumentadon P_ge
,,, ,

i

1. _e_ort No.

l e.. Title and Subtitle

2. Government Assession N(_.

MOO [ii-T Rel_a_£1izy Testing

7. A_tho;(si

A. Champsi

3. _,ecipient'sC=talog No.

.... 51 Re_'ort Date "-"

7/31/96

6. Performing Organization Code

9. Performing Organization N=_me and Address

TexZron Defense Syszems
201Lowe!l Street
Wilmington, MA 01887

8. Performing Organization Report No.

10. Work Unit No.

SMEX-Gyros

11. Contract or Grant No.

NAS5-31954

2. Spons()ring Agency Name and Address t13. Type ol Report and Period Covered

NaZional Aeronautics and Space Adminis_cration

Washington, DC 20546-0001

Final Report for

Reliability Testing

14. Sponsoring Agency code

745-1 and 287

5. Supplementary Notes

15. Abstract .--

Teszing program "co determine the long-term pe._ormance cbaract:Jris_c_cs of the

Textron Defense SysZe.ms' MOO III-T Two-Axis Dynamically Tuned Gyroscope.

IT. Key Words (Suggested by Author(s))

MOO [II-T Gyro

18. Oistdbution Statement

;"_. ,"ecurity CIassif. (of'this re#o'rt)
, ,=, ,

20. Security Classif. 21 No. ot Pages

Unclassified Unclassified (ofpage)

.... j

NASA FORM t625 Oct 85



FORWARD

This final report documents the results of the reliability testing of Textron Systems

Division's Gyroscope Model III-T, two axis dynamically tuned rotor Gyroscope. The

testing was performed under the NASA Contract NAS5-31954 for the SMEX Gyros.

This report is organized as follows:

Section 1 -

Section 2 -

Section 3 -

Section 4 -

Section 5 -

Introduction and Conclusion

Technical section which analyzes the tuning concept for the Gyro.

Technical section which derives the Gyro Error Model equations.

Test Results of the reliability test including the Plots.

Appendices which include the test setup, the test procedures and the

log.



SECTION 1

INTRODUCTION, CONCLUSIONS



INTRODUCTION

NASA Godard Space Flight Center under Contract NAS 5-31954 contracted Textron

Systems Division (TSD) to conduct 3 year Life and Reliability Test on TSD's Model III-

T dynamically tuned rotor gyroscope. This gyro was specifically designed for NASA in

the early 1980s for space flight applications. The purpose of these tests was to establish

that the Model III-T Gyroscope (Part Number 760900-533) would meet the performance

requirements for the three year space mission, SMEX Mission. Two gyroscopes Serial

Numbers 3334 and 3327 were utilized to perform the life tests. The gyros were turned

on and continuously running for three years in an operational bed which was a

temperature controlled oven maintained at 125°F - 130"F environment. The gyros were

operated at their Synchronous speed, 400Hz, in a closed-loop-mode (torque-to-balance).

During the first six months, each gyro was taken out of the operational bed every two

weeks on to the test laboratory where it was Performance tested. The Performance

Parameter Specifications, against which each gyro was tested, are listed on Page 10 of

Textron Test Procedure document number 600218. The procedure is attached in Section

5 of this report. After six months, the frequency of performance testing was changed to

once a month. The NASA MOD III - Gyro Life Test Plan and Procedure No. 600218

also details the required test equipment, and the gyro orientation requirements. A detailed

laboratory log was maintained and records of all the events throughout the 3 year life tests

were maintained e.g., power outages, equipment failures and quality assurance inspection

records. Also included in Section 5 of this report is a block diagram for the Performance

Test Bed drawing number 767158.
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CONCLUSION

The two gyros met and in most cases far exceeded all the specification requirements

for the SMEX Gyroscope as evidenced in the test results summary sheets and plots given

in Section 4. These results are far superior than was anticipated especially given the fact

that the test results deviations also include the additional terms which are not part of the

gyro errors. For example, mount-to-mount repeatability and the test equipment errors are

all lumped under total gyro performance error budget.

Utilizing the final error equation from Section 3 and the plots of test results from

Section 4 of this report, one can conclude the following:

(a) The gyro run up times throughout the 3 years have been fairly steady, i.e.,

I0 - 11 seconds with a standard deviation of less than I/2 second. This

indicates that the gyros are fairly smooth and no deterioration of the bearings

within the last 3 years of operation or otherwise the run up time would have

gone up from additional friction due to the bearing wear.

Co) The plots for the motor start-up current on both gyros indicates fairly

constant value over the 3 year time frame indicating that there is enough

power to start the gyros and no degradation in the motor. The two spikes at

520 days on both gyros indicate test equipment read out problems rather

than the deterioration, since its very systematic on both gyros and also the

spikes happen only once out of 45 times.

(c) The motor run current plots indicates a slight trend of approximately .3 ma

per month, however the standard deviation is very small. This probably

results from increase in internal friction with time but the degradation rate

indicates that the gyro would be good for at least 10 more years before the

increase in friction becomes a problem rendering the gyro unusable.

(d) The motor run down time also shows that the time required for both gyros

to run down is shorter. This again illustrates that the internal friction is

higher.

(e) Plots for the tuned frequency indicate that initially the gyros had step

changes in their tuned frequency, however the step change stabilized with

time and this is probably due to the gyro weights settling initially while the

epoxy was curing and towards the end the settling has been accomplished. It

should be noted that the total change in tuned frequency over the three year

period is approximately 2 Hz which is well within the design and

performance specifications.
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(0 The time constant plots on both gyros indicate that with time the gyro time

constant is decreasing at a very low rate. The time constant is a function of

damping. The MOD III T gyros are back filled with helium to keep the

damping terms in the error equation low enough. When the gyro develops a

leak, the helium is replaced by air which is much more denser than helium

and hence would result in higher damping coefficient and a noisier gyro. On

these two gyros, the time constant has decreased slightly over the three

years, which indicates that the air is seeping in and replacing the helium and

hence increased damping. This is not unusual since the gyro can never be

hermetically sealed and the 3 T Gyros are designed to leak at 10 -8 tours.

With the present leak rate this gyro should be good for the next 15 years

before its too noisy for leak to render it non-usable.

(g) All the remaining plots i.e., offset angles, null angles, the torquer scale

factors, the g-insensitive error terms and the g-sensitive error terms versus

time on these gyros indicate that there has been no degradation with time and

they all meet or exceed the SMEX Mission performance requirements.
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SECTION 2

ANALYSIS OF SUSPENSION SYSTEM AND THE TUNING CONCEPT

The function of the suspension

system in a tuned rotor gyro is to provide translational support for the

rotor in such a way that the effective torsional coupling between rotor

and gyro case about any axis perpendicular to the rotor spin axis is zero.

The suspension system consists of an inertia e3ement (the gimbal) and the

torsional elements (flexures). Positive spr!:ig torque between rotor and

shaft due to "the'torsional elements when balanced by negative spring torque

due to the dynamic behavior of the rotor result in a tuned gyro condition.

In this section a suspension system is analyzed in detail under the

desired tuning condition. Basic assumptions are made to simplify the

analysis without loss of validity or implying physical limitations.

Coordinate frames are defined. Expressions relating the moments acting on

the rotor as a function of case inputs are developed. Finally, the tuning

conditions in terms of the external input are analyzed.

2.1 Assumptions

Assumptions made to simplify the mathematical manipulations are:

1) The rotor inertias are much greater than the gimbal inertias.

The spinning rotor may then be considered to have an invarient

attitude relative to the inertial space.

2) The effects of damping are negligible due to the large clearance

between the rotor and the gyro case.

3) The attitude angles Cx and Cy (see Figure 2-2) are considered
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2.2

small, hence small angle approximations apply (i.e.,

cos Cx = 1; sin Cx = B).

Coordinate Frames

The coordinate frames needed to generate relationships relative

to eachother are:

I) Xi, Yi' Zi

2) Xr, Yr' Zr

3) Xs, Ys' Zs

4) Zg, Yg, Zg

Coordinate set is fixed relative to inertial

s_ace. Rotor spins about Zi axis with angular

velocity N.

Coordinate set is fixed in the rotor (r-set)

Coordinate set is fixed in the shaft. The

instantaneous attitude of the gyro shaft

relative to the r-set is specified by angles

Cx and Cy (see Figure 2-2). ¢x and Cy are

considered to have been generated by the

angular velocity of the shaft relative to the

r-set (¢x and _y).

Ccordinate set is fixed in the gimbal. Figures

2.1 and 2.2 show the relationships between

various coordinate frames.

2.3 Angular Velocities

From Figure 2-1, the angular velocity of the rotor relative to the

inertial space resolved along the rotor axes is:



r

mir

mir(x)

mir(y)

'"ir(z)

r

where superscript refers to the frame along which the vector is coordin-

atized.

The angular velocity of the gimbal relative to the rotor axis and

resolved along the gimbal axis is;

g

 rg(x)I I Cxmrg(y)l : 0

 rg(z)I 0

The matrix for transforming velocities from the rotor ceordinates to

the gimbal coordinate after applying small angle approximations, is:

Cg : 1 x

"¢x __i

(2-I)

Angular velocity of the gimba! relative to the inertial space,

coordinatized in the gimbal frame, can be obtained by summing the angular

velocities as shown by Equation (2-2a). First term on the right hand

side of Equation (2-2a) is the angular velocity of rotor relative to the

inertial space transformed to the gimbal frame by matrix C_ and the

second term is the angular velocity of the gimbal relative to the rotor

coordinatized in the gimbal frame.
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= cgmg + ,.,g (2-2a)mgg r ir

mig(x ) . I 0 0 0 x ¢x

Imig(z) "¢x 0

(2-2b)

2.4 Momencs Acting on the Rotor

Figure 2-2 shows the rotor, gimbal and the shaft positions resulting

from a deflection of the outer torsional bar through an angle Cx generated

by the angular velocity Cx"

Referring to Figure 2-2, moments acting on the ;x)torcoordinatized

along the rotor frame, Mr is due to the deflection of the outer torsi,Jnal
• rx '

bar through an angle Cx"

r = (2-3)
Mrx Kx¢x

Applying Euler's equation of motion to the gimbal about its Y-axis

yields;

Mgy : B ,'g - (Cg (?-4)g"'ig(y) - Ag)mgg(mgz) ig(x)

where Ag, Bg and Cg are moment of inertias of the gimbal for Xg, Yg and

Zg axes, respectively.

Summing the moments acting on the gimbal about the Y -axis, and noting
g

that the Yg axis coincides with the inner torsional element, results in;

= - Mr (2-5)
Mgy KyCy ry
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where Cy is the angular displacement of the inner torsional element

generated by angular velocity ¢y that the shaft has relative to the

gimbal set. Carrying out the substitution of Equation (2-5) into (2-4)

and solving for Mry, results in:

Mr = -(Ag + Bg - Cg)_?g(x),,,?g(z) + KyCyry
(2-6)

Substituting m?g_romEquation (2-2b) into Equation (2-6) gives

the momentacting on the rotor about its Yr axis:

Mrry = -(Ag + Bg - Cg)'¢xN + Ky¢y (2-7)

Assumingthat the instantaneous angular displacement of the gyro case

relative to the inertial space about the Xi-axis is equal to ex then:

_x] c

 ylc

 Xlc

 ylc

= ex cos Nt

= -8 sin Nt
X

= 8x cos Nt - 8xN sin Nt

= -NBx cos Nt - ex sin Nt

(2-8)

Substitution of Equation (2-8) and (2-7) yields rotor moments along the

Xr and Yr axes in terms of external case inputs (ex).

Mrrx = Kxex cos Nt

Mrry = _Ag + Bg- Cg)N 2 - Ky_ex sin Nt- (Ag + Bg Cg)Nex cos Nt

(2-9)
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c for transforming a vector fromFromFigure 2-3, the matrix, Cr,

rotor to case axes is;

C

Cr
cos Nt -sin Nt I

sin Nt cos Nt
(2-I0)

r and Mr to case coo_'dinate frame gives:
Transforming rotor moments, Mrx ry

' rxl l- rxi:I os"'
IMCry}='Crl/Mryl..... Isin Nt

-sin Nt

cos Nt

r Mr sin Nt
Mrx cos Nt - ry

Mr sin Nt + r
rx Mry cos Nt

(2-11)

r r

Substituting rotor moments (Mrx and Mry) from Equation (2-9) into (2-11)

gives:

+_ +_-C_x,cos,_s_.,=g

+ Bg - Cg)N 2 - K_e x sin Nt cos NtMc = Kxex sin Nt cos Nt + Agry

- LAg + Bg Cg_exN cos 2 Nt (2-12)

Applying the following trignometric identities:

cos2,t= I12L__cos2,t_l

sin 2 Nt = I/2 _- COS 2N_

sin Nt cos Nt = 1/2 sin 2Nt
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Equation (2-12) simplifies to the following expressions:

÷I/2_Kx 5)+tag÷%- cg)N_]Oxcos2,t

M_ : W2_Kx-5)+tag+% -Cg),2]Oxsin2.try

MCrx and MC_ are the moments exerted on the gyro rotor (Xr and Yr axes)

transformed to the case coordinate frame. These rotor moments can now

be analyzed in terms of the external case inputs.

The following comments can now be made about the results of Equation

(2-13);

I) Moments on the rotor have two components; time varying and

time invarient. The time varying component, when averaged

over a complete cycle (2xn), does not exert any torques on

the rotor so long as the input frequency is not at twice

the spin speed frequency.

2) Constant moments on the rotor will result when the input

is of the form °x : exo : constant or ex is at a frequency

which is equal to twice the spin speed frequency:

ox sin 2Nt: OXo

0x = exo cos 2Nt
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2.5 Tuning

Tuning as defined previously is balancing the positive spring torque

between the rotor and shaft due to torsional elements (Kx and Ky terms

of Equation (2-13)) with the negative spring torque resulting from the

rotor dynamics (Ag, Bg and Cg terms). Two cases of inputs are analyze_.

Consider first the case of a constant angular input to the gyro

case. Assume an input (_x= °xo = constant; Equation (2-13) reduces to;

Mc = 0
ry

In order to have no moments on the rotor along the gyro case frame,

+ Ky) must equal (Ag + Bg - Cg)N 2, i.e., tuning condition can be(Kx

accomplished by adjusting gimbal inertias (Ag, Bg and Cg) or by varying

the spin speed (N). For a constant spin speed, No , tuning is achieved

by adjusting the gimbal inertia as follows:

f K.+Ky
No = \.' Ag + Bg - Cg

Note: In practice most gyros are operated at a fixed spin speed determined

by the frequency of the motor supply voltage and it is common to achieve

tuning by adjustment of the gimbal iner_ias. However, some manufacturers

prefer constant gimbal inertias and achieve tuning by adjusting the spin

speed or spring restraints as follows:

Kx + ly
(Ag + gg - Cg) : N2

16



Either method will produce the desired results.

Consider next the effects of angular input to the gyro case at a

frequency equal to twice the spin frequency

a) If ex = BxG sin 2Nt, Equation (2-13) reduces to;

Mc = 0
rx

Mc = -I/4r + + Bg _ry l.(Ky- Kx) (Ag - Cg)N_ exo

b) If e = e cos 2Nt, then;
X" X O

: + o

Mc = 0
ry

Note: In the above equations the sinusoidal terms are deleted since the

average torque resulting from them are zero.

In both cases either Mrx or Mry is equal to:

-I/4_Ky - Kx) + (Ag + Bg - Cg)N-2I_8Xo (2-14)

i_ow, assuming the gyro is spinning at a tuned speed, No o = Ag + Bg - Cg

and the torsional bar stiffness, Kx and Ky are equal, then replacing Ky and

N in Equation (2-14) with the above assumptions yields the following:

Mrx or Mry - -Kx/2 x (2-15)

Equation (2-15) illustrates that, even though the gyro was tuned for zero

error with a constant input, it will have a net error when the gyro is

subjected to angular inputs at a frequency of twice the wheel speed.

)
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In Reference 5 and 6, R. Craig has noted that in order to eliminate

error torques on the rotor, due to 2Nangular input frequency, at least

three gimbal rings are neededin the suspension system. In a multi-gimbal

design each gimbal producesan error moment,but the an_,llar spacing of

the gimbal (about the rotor spin axis), and the inertias of the individual

gimbals are selected and adjusted so that the resultant of all the moments

produced by the individual gimbals is equal to zero.
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SECTION 3

TWO-DEGREE-OF-FREEDOM TUNED ROTOR GYRO MODEL EQUATION

• f

In Section 2, moments acting on an ideal gyro rotor (n_glecting

error torques) relative to the case fixed coordinate frame were determined.

In this section, however, moments supplied by the gyro torquers for the

purpose of maintaining the rotor spin axis inertially stable, are deter-

mined relative to the Attitude Reference Unit (ARU) frame. By Obtaining

torquer moments relative to the ARU frame, effects of torquer and the case

misalignments can be included in the gyro model• Also torquer moment

outputs for three nominally_orthogonal gyros (X, Y, Z) can be obtained.

Analysis starts with simplifying assumptions. Next, coordinate

frames are defined. This is followed by calculation of angular velocities

and finally, expressions relating moments supplied to the rotor by the

gyro torquers are developed.

3.1 Assumptions

The following assumptions are made during the derivation of the model

equation without loss of validity or implying physical limitations:

1) The rotor inertias are much greater than the gimbal inertias.

2) The gyro sensitive element rotates about the axis of symmetry

and has an angular velocity relative to the gimbal set of

= (N - at) where N is the shaft rotation and at is the

motor dynamic term.

3) The center of mass of the gimbals and the rotor coincide.

19



4) At first the rotor is assumedto be a free body and later on

this assumption is modified to include error torques due to

an imperfect suspension system, dampingand 2N angular input

frequency.

5) The attitude angles _x' {y' ex and ey shownin Figures 3-1

and 3-2 are considered small, therefore small angle approxi-

n_ation apply (cos e = I, sin @ = e).

3.2 Coordinate-Frames

Five coordinate sets all having a common origin are used in the deri-

ration. The Attitude Reference Unit (ARU) frame is included so that the

final model equation would have moments for the X, Y and Z gyros (3 gyro

package). Figures 3-1, 3-2 and 3-3 show relationship between various

coordinate frames. The coordinate frames are as follows:

1) Xi, Yi and Zi is fixed relative to inertial space.

2) Xa, Ya and Za coordinate set is the main reference frame fixed

to the Attitude Reference Unit (ARU). The inertially referenced

angular velocity of the ARU resolved along Xa, Ya and Za axes is

¢.

3) Xc, Yc and Zc coordinate set is attached to the Z gyro case such

that the shaft spin axis coincides with the Zc axis. The attitude

of the c-set relative to ARU set is defined by the attitude angles

_x and _y and the angular velocity of the ARU frame resolved along

the case axes (W_a)1- is ¢'

20
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Figure 3-I Relationship between the ARU(a) and case(c) coordinate
frames.
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Figure 3-2 Relationship between the case(c) and gimbal(g) coordinate
frames.
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23



4) Xg, Yg and Zg coordinate set is attached to the inner gimbal with

Zg axis coinciding with the instantaneous spin axis of the rotor.

The attitude of the gimbal frame (g-frame) relative to the case

fran,_ (c-set) is given by the attitude angles ex and ey.

5) Xs, Ys and Zs is the sensitive element (gyro rotor and gimbal)

coordinate set. The angular velocity of the sensitive element

relative to the gimbal set is _ = N - _a (see Figure 3-3).

3.3 Angular Velocities

FromFigure 3-1, the angular velocity of the ARUwith respect to

inertial space resolved along the ARUframe is;

Cx
a =

mia y

Cz

Transforming amia to the case reference frame yields;

, c = c a (3-1)
¢ = Via Ca_ia

c
where Ca is the transformation matrix obtained from Figure 2-1.

c i (3-2)

Ca = I x

Substituting Equation (3-2) into (3-!) yields the angular velocity of the

ARU frame relative to inertial space resolved along the case coordinate

frame:

24



C

_ia
= !

1 0 -_Yl0 I ix
_y -{x

@X

;y

@Z

(¢x " {y@z )

(_y + _xCz )

(¢z + _y_x " _x_y )

(3-3)

Also, from Figures (3-I and (3-2);

C C

mia : mic

@x

I

: Cy

¢

(3-4)

Assuming that the attitude angles ex and 9y are a result of angular vel-

ocities ex and _y of the gimbal relative to the case, then the angular

velocity of the gimbal with respect to the case, coordinatized in the

gimbal frame is:

_gg
(3-s)

By definition, the angular velocity of the gimbal frame relative to

inertial space and referenced along the gimbal axes (_gg) is the sum of

the following angular velocities:

g C
mgg = Cc"'ic + _gcg

(3-6)
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FromFigure 3-2 the transformation matrix Cg is;

Ccg =

o -:x:x!
L

(3-7)

Substituting Equations (3-4), (3-5) and (3-7) into Equation (3-6) yield

angular velocity oi_ the §imbal relative to the inertial frame along the

gimbal axes:

_gg - -I

Wig(x)

= "'_g(Y) l
_ig(z)l

IZ " "

I p, i I

¢x + 8X - @yTZ
t

' + 8 _' I
Cy By + xz I

, + :x@yi+ @yCx

(3-8)

From Figure (3-3), the angular velocity of the gyro sensitive element

with respect to the gimbal set is;

s

_gs

then, "'7s--Cs_gsgs÷_Tg

and Cg =
s

L_cos at

Sino_t

sin st

cos st

0

0

0

1

26



Substituting Equation (3-8), the angular velocity and the angular acceler-

ation of the sensitive element relative to the inertial space coordinatized

in the gimbaI frame is,

_g.
IS

_ig(x) I
Wig(y)

Jig(z) " _t.l

(3-gb)

3.4 Moments

The basic equation used in the derivation of the gyro model is

Newton's law of rotational body:

i

M : d_ IHI (superscript i denotes coordinatized in the ith frame)

For a gyroscope, the angular momentum vector of interest is the sensi-

tive element vector which consists of the rotor and the gimbal

: d (3-ZO)

Applying the Coriolis Theorem to Equation (3-10) and coordinatizing the

moments along the gimbal coordinate axes results in;

i.slMg = _-_

w ereI'r+Igl Ts"

g
+ mgg x Hs

(3-11)
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Recalling assumption I; I r >> Ig, then,

and

Irx : Iry

Hg = Ir_s
S

Substituting Equations (3-8) and (3-9) into (3-11) and letting

= A, Irz = C, yields;

MY

xl

Mg
sy i

MZy

Awig(x)

= [A_ig(y )

Cmig(z ) - C_t

+ ,_(mig(x )) + J(_ig(y)) + k(mig(c))- ]

(3-12a)

Simplifying Equation (3-12) yields;

Msgx = A_ig(x ) + (C-A)mig(y)_ig(z) + CN_ig(y ) - C_t_ig(y )

Msgy = Amig(y ) - (C-A)_ig(x)_ig(z) - CNmig(x ) + C_tmig(x ) (3-12b)

• ,o

M_z = C(mlA z - st)

M_ are the moments acting on the gyro sensitive element referenced

along the gimbal coordinate set. These moments are actually acting on

the rotor (i.e., applying assumption I; Ir >> Ig hence M_ = M_). With

the gyro in tuned condition; and rotor, gimbal and sensitive element

-Z-axes coincident (see Figure 3-3), the drive shaft cannot exert any torques

28



on the rotor perpendicular to the shaft (i.e., M_xand M_y). Consequently,

any momentsacting on the rotor perpendicular to the shaft must be provided

by the torquers which are case-mounted. Transforming rotor moments(Mgx

and Mgy) to the case coordinate set using the following;

c cCMgMs : g s

where CgCis the t_'ansformof matrix Cg defined by Equation (3-7). Rotor

momentscoordinatized along the case coordinate frame are therefore:

I c-
IMsx

MCz
S

i 0 e
Y

0 1 -O
X

-By ox 1

M
SX

Msy

Msz

Msx + 9yMsz

Msy - exMsz

Msz - OyMsx + OxMsy

(3-z3)

Mc and Mc
sx sy are the moments acting on the gyro sensitive element or the

rotor (because of assumption 1) supplied by the X and Y torquers and not

including the error torques. In practical gyroscopes error torques (Mer)

do exist and the torquers must provide moments to overcome these error

torques. (The error torques include damping, imperfect suspension system,

and 2N angular input frequency rectification errors.) Therefore, net

torque supplied by the gyro torquers are:

M C c + C
tx = Msx Merx

Mc c + Mc
ty = Msy ery

c
where Mt are the net moments supplied by the X and Y torquers.

(3-14)
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C
Mer are given by the following: (shown by Craig Ref. 6)

M c

erx

H ["o- ("+ _z-Lt)]
Fm

ex + THey + Drex _+ HRe¢2N

C

Mery : Fm

H CNo - (N+ _z-%)]
ey THex + Dr _y _+ HRe¢2N

where
HFN° - (N + _z - %)-]

Fm ey

X

is the mistuning error torque term for

the Y-axi s

is the gyro internal damping torque for

the Y-axis (quadrature spring moment)

+ Drey is the Y-axis external damping error

torque between the gyro and case

HRB¢2N is the error moments due to 2N frequency

rectification (occurs only when the

input is at 2N frequency)

Equation (3-14) give the moments supplied by the torquers relative

to the case frame (when torquer axes coincide with the case axes). The

effective torquer axes are misaligned bY angles _tx and {ty relative to

the reference ARU frame as shown in Figure 3-4 (Ctx and {ty are small

angles.)

Therefore, moments exerted on the rotor by the effective torquer are:

Mx :

My =

C + C
Mtx {tyMty

Mc _ Mc
ty {tx tx

3O

(3-15)



Za,Zt,Z C

 t,yc
Xt,Xc

Ya

Figure 3-4. Relationship between the torquer (t), ARU (a),
and the case (c) coordinate frames.
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(3-14) into Equation (3-15) (for Mt) and thenSubstituting Equation

substituting Equation (3-13) into the result yields;

Mg
Mx : M_x + KyM_z + Merx + {xy _y

My = Mgsy
Ma _ Mg

_x sz + Mery {xy sx

(3-16)

Substituting Fquation (3-12)(for M_) into Equation (3-16) and then sub-

stituting for _g into that result (using Equations (3-3) and (3-8))
. ig

yields the effective torquers moments in terms of the following:

a input angular velocity _ (ARU reference frame)

,o

b input angular acceleration,

z
c pick-off displacement angles,

d pick-off angular velocity, Gz

"'7

e pickoff angular acceleration, e-

l misalignment angles, _x and {y

where the superscript specifies the gyro which does the measuring.

.... z .z'" iz ") (Inertia term)z : A(_xMx + _x - _y@z - _y_z

+ H(_y+ _zy÷ _z )

+ (C-A)(_y _y ex +

(Fundamental term)

(Anisoinertia

term)

+ _z + ez" ) (Motor dynamics

- Cat (_Y Y xCz term)

"'Z _Z
+ c(;t- st)"y

32

(Spin axis accel.

•coupling term)



+H(Z" z;
_xCz " _ty x)

+
H.FNo - (N+_z-Lt)] Z

0 x

(Misal ignment

term)

(Mistuning term)

+ H i ez + Gz
_- y Drx (Damping term)

HRB¢2N (2N Angular Fre-

quency term)

.z :"A(_y+_z÷ex=_z÷;z;:)Y Y
(Inertia term)

_ .z__z)H(;x + ex (Fundamental term)

(C-A)(_x + ex - + - (Anisoinertia

term)

+ "z_ oz;:)- Cat (;x Ox y

_ "'Z Z
- C(@z :t ) ex

H(__; z z ". + _txCy)

HI.No- (N - Cz- _t)]
+

Fm

H TI exZ + Dr_

HRe¢2N

33

Z

ey

(Motor dynamics

term)

(Spin axis acce].

coupling term)

(Misa Iignment

term)

(Mistuning term)

(Damping term)

(2N Angular Fre-

quency term)



The subscript denotes the axes of the ARU relative to which the quantity is

measured and the superscripts specify the gyro which does the measuring.

z
Note: The above equations were derived by P_ Craig, Reference 6. Mx

and Mz give the Z gyro model for angular inputs in terms of the moments
Y

that the gyro torquers exert on the rotor. Moment equations for X gyro

(M_, Mx) can be obtained by cyclic substitution of X for Z, Y for Z and

Z for Y ;n Z-gyro model equation. Similarl3_, to obtain moment equations

for Y-gyro (M_x, M_z) substitute X for Y, Y for Z and Z for X in Z-gyro

model equations.
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SECTION 4

TEST RESULTS
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1.0 SCOPE

This plan establishes the tests which _e to be performed an the MOD lIFT

Gyroscope. These tests are divided into _o groups: Operating Tests (OT') a.nd

Performance Tests (FT). _i'he purpose of this testing ;s to est_tish that the MOO lIFT

Gyroscope (P/N 760900-533) will meet the requirements of a three year space.

mission. Since the goal of these tests is to es'_btish the performance of these ._yros

over as many operating hours as possible (:uring _ic three_ year pedod, the tests will

not be interrupted unless there is a ¢Zr_,rophic failure or speci_¢ direction to do so

from the NA:ZA GSFC Technical Officer alter c_nsultations with Textron Defense

Systems' (TDS) Navigation and Control Test _n(:jineedng personnel.

2.0 TEST EQUIPMENT

The testequipment used during the Operating L_fe Tes*_ and Ferform_nce

Tests are listedin Sec_ons 2.I and 2.0_

The commercial equipment power sup_iies, osc,;tlosc_pes, w_..ve r:,.nalyzer, etc.

need not be limited to the models shown but may toy replaced by other c_mmercial

equipment deemed a.0ptica#ie by TOS" Navigation and Control Test -C.nginee.,ffng

personnel.

2.1

Qtv__

2

2

2
2

2

2
2
1
1

Operating Test (OT)

0escdotion P_rdModet No.

Incoflex (TM) Chassis ' 763826
_((Schema_fc P/N 761519)

Clock, No-Go (.48 Khz) Board - - " 767150
_" (So,homEric P/N 766979)

2 Phase Spin Supply Board • .£ (SchemEdc P/N 763839)

_=fc._ff Supply Board -- _, 767152
" __ E(Schemm'fc P/N 764188)

C&ging Gym Incoflex -___..____ ('767151

_(_ (SchemL:_c P/N 766828)
_xture _7'66g£6
Assembly, Crearn,_p/C_b, te (. 7670:38
Oven (Oisioa_ch) _-1-28
,=iuke Thermometer 2176A

v

t I ,,4um=_
i'_ Textron 0efense Systems I ,.
/ I 0L10218I 2OlL we, -
i
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, i i

)

1

2

2

2

I

,=iuke Multimeter

+15, -15, +5 Vctc Supply (Power One)
28 Vdc Su.o.Qiy (Power One)
Dual OC Power Supply (H/F)
©sciiloscope (L_-=der)

88.4.(3A
HBAA .-443W
HC28-2.0
6205b
L._O-520A

Fe,,'forrnance Test (FT_

Descrfotian P_t'dMode} No.

Incoflex (TM) Chassis

C:oc_, No-"_-o (48 Khz) 13ea,n::l

2 Phase Eoin Suppty E_oard
Pick-off Supply 5_oard

Caging Gyro Inc=flex

Test Cube

Assembly, ,=rearnplCai_le
+15, -15, .--5 Vctc Supply (Power One)
28 Vdc Supply (Power One)
Dual 0C Power Supply (H/F)
Oscillosc_,_pe (Tektronix)
Wave Analyzer (HJF)
Computer (H/F)

(H/F) GI=-IO Interface

(H/F) HP-IB Imerface
FIOM O_wer

16K Memory Module
l=rinter (H/F)
AiD to Inc-Glex Chassis Interface Cal31e

Software, Data Cartridge
Temperature C,43ntrotler (lnc_sym)
Digital Interface
Fiuke Muitimeter
l=iuke Murdmeter

767150.,
(Scnema_c PIN 767153)
75;7150

(Sctlematic PIN 7E6g7g)
(Schematic P./N 763839)
767156

(Schematic laIN 767157)
767151

(Schematic PIN 766826)
767037 (NASA Owned)
767038 (NASA Owned)
HBAA-4.0W
HC2..8-2.0
_205b
2213
3581A
85
82940A
82937A
82936A

82903A
829056
764299
767160
TC100A
763285
77
884.0A

3.0 TEST FRCCEOURE

3.1 O cerating Test (OT)

Two gyros will continuously aperme for a _eric(t of 3 years with periodic

interruptions for P_rfcrmanc_ Te_s. At _e s'_rt af e_c_ OT segment, an excitation of

Number _ev
Tex_rort Defense Systems

_C02!8 9
201 L_we!l Street

Wilmin_on, MA 01887 Sheet 3 of c,
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aporoximately 36 Vrrns s_uare wave. shall be a_._iied to saturate the spin m_or

hy_eresis nng; the excitation will then be reduced to a minimum of 16 Vrms or 2 "v'rms

._Dove the minimum required, votta.ge to keep the gym oper=_fng at synchronous spin

sae_'_'J, whichever is the gre_ter of the two. The operating minimum voitage will be

cetermined p,dor to the s_ar_ of the OT and will remain the same throughout the life of

the (IT. The gvros sh_Jloperate in __torque re_alance loop while _ sync._ronous spin

s_eed. E.ach gyro will be mounted onto a fixture (P_..= 7_6_£,E) and placed within the

temperature controlled oven which is maint_ned within a r"=nge of 125 to 180°F per

the block diagram. Periodically, b(xtl gyros will be removed from the oven a_d

undergo pertorTnance tests at a sp_ed temper'_ure. Friorto shutdown and removal,

the synchronous spin speed _,hali be veri_ed and recorded in _he Operating Test Eed

(OT_) Log.

Following each F'T period, the gyms will. be remounted to the iYxture (P/N "

766SS6) and returned to the oven. Upon e_-ch return t_ the oven, the gyros wili be

oriented to a new pos_on. This is to allow the migration of the bearing lubd _cant to be

more evenly distributed in the e_h's g_vit_on_ fieid. The order of the orientations

iS to be as follows: 1) Spin axis venic__, Z-4ap; 2) s!:2inaxis horiTnntal, X-up; 3) suin axis

verdcr=J, Z-down; and 4) spin axis hortzQntal, Y-_. All gym removals, remounts and

cden_don wi!lbe recorded on the CTE] Lag. The gyro tes_po._tJonsequence _,nd time

curadon is listed in T-=hie t.

f

Textron Defense Systems
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i

k
4

T=b(e 1

Orientation of Gyro During Life Test

Position =Tm._.__e

01 SAV-Z Up 2 Wks".

_.S 02 SAH-X Up 2 Wks,"
03 SAV-Z Down 2 Wks ?

y] 04. SAH-Y Up. 2 Wks j
05 SAV-Z Up 2 Wks",,
06 SAH-× Up 2 Wks ('
07 SAV-Z Down 2 Wks, k..

08 SAH-Y Up. 2 Wks _-
09 SAV-Z Up 2 Wks -_

10 SAH-X Up 2 Wks/..
11 SAV-Z Oow.n 2_Wksi
12 SAH-Y. Up 2 Wks
13 SAV-Z Up 2 Wks7
14 SAH-X Up 1 Me i>
I5 SAV-Z Down 1 Me
16 SAH-Y Up_ 1 Mo-':

17 SAV-Z Up 1 Mo -}
18 SAH-× Up 1 Mo Lr-
19 SAV-Z Down 1 Mo i
20 SAH-Y Up 1 MoJ

21 SAV-7_ Up 1 Mo
22 SAH-X Up 1 Mo

• Where SAV - Spin Axis Vertical
SAH - Spin Axis Hodzontal

Z-Axis - Aligned with Spin Axis

_e-st Position _Tm__.._e
n

23 SAV-E Down I Mo

24.. SAH-Y Up 1 Mo
25 SAV-Z U u 1 Mo >
26 SAH-X Up 1 Mo
27 SAV-Z 0own 1 Mo

28 SAH-Y Up I Moj

2g SAV-Z Up I Mo ,
30 SAH-X Up 1 Me/

• '-r

31 SAV-Z Down 1 MI(
32 SAH-Y Up 1 MoJ
33 SAV-Z Up 1 Mo.-)
34 SAH-X Up 1 MoL z
35 SAV-Z Down 1 Me I
36 SAH-Y Up 1 Mo.)

37 SAV-Z Up 1 Mo )
38 SAH-X Up 1 Mo
3g SAV-Z Down 1 Mo
40 SAH-Y Up. 1 Me,;;
• 1 SAV-Z Uo 1 Mo

3.2 Performance Test (linT)

During the first 6 months, every 2 weeks each gym willbe transferred to me

MOD-III-T Fertormance Test ,=ruc_-_:!ure (PTP) Test Stand for Performance Testing.

After 8 months of operation has elapsed, the PT interv_ shall change to once per

month. The spin motor power ,all be set at approximately 26 Vrms throughout aJl

performance testing. The I=T" tempera_re will be 70 = 2°C. "The temper'_re will be

reco_e:l on the FT" Data Sheet.

t
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"- All P-l" results will be recorded on the PT 0a_ Sheet.

corn,Dieted are as follows:

3.2.1 Rotor Synchronous Run-up Time

The time to reach synchronous s_in speed.

3.2.2 Motor Sts_'( Current

Peak start current at 26 Vrms.

3.2.3 Motor Run Current

The steady state operating current a_ 25 Vrms.

3.2.4. Rotor Run Down Time

p

3.2.5 SDin Axis Horizontal Tuned Frequency

3.2-6 Spin Axis Vertical Tuned Frequenc't

3.2-7 Rotor Damping Time Constant

3.2-8 X & Y _ic,k-_ff Offsets

3.2-9 X & Y Pick-off Null Quadr-_Jre

3.2_IO 8 Position Test Measuring

3.2_10.1 X & Y Torquer Scale r-".actors

3.& 10.Z X & Y G-!nsensitive Drift (Bias)

3.2.10.3 G-SensffJve 0rift (Direct._ .M_ Unb_.nce)

i i

t Textron Defense Systems201 i_weii Street:

Wilmington, MA 01847
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3.2 10.4. G-Sensitive Drift (Quadr_re M_s Unba!ance)

4.0 QUALITY ASSURANCE REQUIRI=MENTS

4.1.1 Operating Test Bed (OT=_)

Tne gyros will _,? installed in the OTB as shown in the Bloc!( Diagram, Orawing
No. 76715&

4.1.2 Performance Te._-tPn3cedure (PTP) Test St,a.rtd

The MOO IIIPT'P Te_ Stand isthe standard BIT St__.ndmodified to perform the

Run Down Test, 81od( Diagram, Drawing No. 767_.5& The part number for the

modified Test Stand is767154. The Pick-offSupply Card aJso-requfred a modi_ca_on

to perform the Run Oo'_ynTest. The drawing number forthe mo(_i_ed Card is767156.

4.2 The ©perationaEl'est Lo,cj

The NASA MOO III-T Life Test Log Oocument No. $10257 will contain:

a) Ufe Test Hi,_ory

- Gyro oderttatJon, date and _me for. start and stop of each segment.
- Verification of the gym in sync status _ the s-_.rt and s',op of each

segment.

b) TabulaIJon of gym performance data for e.ach test performed _ _e PTF

s'_atJon.

o) Tabulation of equipment used in the Ufe Test Bed. i"o include c_libr"_l_on

dates and caJibra_on due da_s where required, along wittt ctat.es for

exchanges of equipment where required.

d) Tabulation of equipment used in the Performance Test sta_on along with

calibration information where required.

,k3

The Appendix contains the Test. Log No. 910257.

Gyro Qperation Ve.,i_cation

Textron Defense Systems
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1) Assemi01e the system as _own in 81oc_ Diagrz'n 610886.

2) Spin Ffck-off monitored on Channel A of the oscilloscope.

3) Fhase A of the spin e×citaZion monitored on c,hannet B of the osc.Jilosc_pe.

4.) Osciiloscope internally synced tram channel A.

If the gym is in sync, the spin pic_-off and the spin exci_cn frequencies will

be locked to each other as observed on the oscilloscope.

4.4

It the gyro is not in sync, the spin pick-off and exc._,ta_on signals will be

moving with respec_ to eac_ other when observed on the osc,_ilosc_pe.

A Quality Assurance (QA) person s_all witness that the gym is in sync at the

_',art a._.d __.omptetion of eac_t segment of the Life Test A s",,_ement of these

cert_cations shall be entered in the log by the witnessing QA person and

s_n peq off.

Test Oata Verification

All FT test data. shall be witnessed by a QA person who shall apply an

appropriate s_arnp to the data. sheet entries. This d=---_ shall be maintained in the test

log.

4.5 Metrology

Quality Assurance shall ensure that all test equipment are malnt_ned within the

requirements e.staJ31ished by TDS' Navigation .and Control Group.

Any _me an item of test equipment is replaced, _e fact, shall be noted in the log

along with the new item's r_omenc!ature, made, serial number and next recalibration

required d_e _'=_rnped off by QA.

4.6 F_..JledTest Equipment

Any _me an item of test equipment falls, it will be noted in the Icg with a

statement _ to the failure mode, if available. The new item of test equipment's

Textron Defense Systems
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nenc!ature, model, sedal number and next recaliiar_tion required d_e E,.-zrrtped off

by QA.

4.7 Go, No-Go and laass Fail C,_,eda

Results of :he fJrs_ month of te_ng will be reviewed jaindy by TDS' Navigatian

and Control Test Engineering and the NASA GSFC Technical Officer. The nominal

performance for the Operational and Performance Tests will be estal_iished by this

review. These nominal performance limits ,#ill be entered into the Icg book and

signed off by Q,a_. If the gyro test. daZa. exceeds _ese nominal performance limits, me

NASA GSFC Technical Officer must be notified. The LJfe Test will continue until a. joint

decision is made by TDS' Naviga_on and Control Test Engineering and the NASA

GSFC Technical Officer to interrupt or discontinue _e Life Test program. SimilaYry, if

the gym fails to Op.erate-or'is deemed unacceptable, "lOS shall notify the NASA GSFC

Technicat Officer before inves*Jgating the failure mode and es_mating _e cost of

repair.
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MOO III-T NASA Ufe Tes:

F%rformartce Te.s_ (.=_ P,_a _ee_

A_ =," 7_ Sc_-,r_enceNo.:

I L-_-cz I 3s7_-._o3:

' i3.P._ (5) Off_t Y-Axis I ,%rc-Secs . =e

3.2_$ (A) X-Null Quacr,=,.-ure } Azc-S_ ! =2Q

i i
3.__g (_I Y-Null Quadra_re IArc-Secs ! =_cO

3._1Q.I ('AI

3.zio. _,(s)

X-'Forcu__"Scae Fsc':cr i OeT-/S_---.'M-_ t z02.2

Y-'Ton=uer Sc._e _==car

3.&10.3 (A) X-Axis Oirect_. Mass Unbaance t OecM4r I =10

3.2._10.3 (B) Y-Ax_sOirec_Ma_sUnba_mc'e J Oe_ } =-10
|

3010.x-(.=-) v, -._ ,-,_xls Quad Mass Un0aance J Oeg/Hr } = ,O

I }
I I ,
I I

F
L

, ,,,,
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